The involvement of lysosomes in infection by mouse hepatitis virus 3 (MHV3) was studied. L cells were infected with MHV3 in the presence of NH4C1 or chloroquine, weak bases which increase the intralysosomal pH and impair lysosomal functions. NH4CI significantly inhibited virus-induced cytopathic effects and MHV3 replication, but did not prevent the attachment of 3H-labelled virus. No inhibition of MHV3 replication by NHaC1 and chloroquine was observed when tysosomotropic agents were added later than 3 h post-infection, suggesting the direct involvement of lysosomes in release of the viral genome into cytoplasm. These results, together with the lack of antibody-mediated immune lysis of MHV3-infected cells, suggest that MHV3 entered cells by an endocytic pathway (viropexis) followed by internalization into cellular lysosomes.
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SUMMARY
The involvement of lysosomes in infection by mouse hepatitis virus 3 (MHV3) was studied. L cells were infected with MHV3 in the presence of NH4C1 or chloroquine, weak bases which increase the intralysosomal pH and impair lysosomal functions. NH4CI significantly inhibited virus-induced cytopathic effects and MHV3 replication, but did not prevent the attachment of 3H-labelled virus. No inhibition of MHV3 replication by NHaC1 and chloroquine was observed when tysosomotropic agents were added later than 3 h post-infection, suggesting the direct involvement of lysosomes in release of the viral genome into cytoplasm. These results, together with the lack of antibody-mediated immune lysis of MHV3-infected cells, suggest that MHV3 entered cells by an endocytic pathway (viropexis) followed by internalization into cellular lysosomes.
Mouse hepatitis virus 3 (MHV3), a member of the Coronaviridae, is an enveloped RNA virus which can replicate in mouse macrophages (Dupuy et al., 1980) , lymphocytes (Krzystyniak & Dupuy, 1983) , fibroblasts, and certain lymphoid cell lines (Lamontagne & Dupuy, 1982) . The pathway of MHV3 entrance, however, has not yet been established (Siddell et al., 1982) .
Enveloped viruses can enter cells either by fusion with the plasma membrane (e.g. Sendai virus; Poste & Pasternak, 1978) or by internalization in an intracellular vacuole (Dales, 1973) . Internalization of virus particles by endocytosis is accomplished by the uncoating of viral nucleocapsids after fusion with primary lysosomes (Helenius et al., 1980; Matlin et al., 1982) . A low pH in these organelles seems to trigger a fusion between viral envelopes and lysosomal membranes (Helenius et al., 1980; White et al., 1980) , whereas the increase of intralysosomal pH with lysosomotropic agents such as NH,C1 (Ohkuma & Poole, 1978) or chloroquine (Miller & Lenard, 1980) was shown to block the release of the viral genome into the cytoplasm (Matlin et al., 1982) . Mallucci (1966) reported a differential effect of chloroquine on MHV3 replication in mouse macrophages, which was thought to be due to enzymes escaping from the lysosomes. The present work was undertaken to determine the effects of N H4 C1 and chloroquine on infection of L cells in vitro with MHV3, and to establish whether lysosomes were involved in the infection.
Virus replication, titration, radiolabelling with [3 H]uridine, [3 H]adenosine and [3 H]leucine, purification and infection of L cells were performed as previously described (Krzystyniak & Dupuy, 1981) . Antibody-mediated immune lysis of 5tCr-labelled cells was determined by specific SlCr release and calculated as described previously (Krzystyniak & Dupuy, 1981) . Uptake of 3H-labelled MHV3 was determined by liquid scintillation counting (Krzystyniak & Dupuy, 1981) . L cells were infected with different doses of MHV3 in the absence, or in the presence of NH4C1.
Addition of NH4C1 (Table 1 a) or chloroquine to MHV3-infected cell cultures inhibited virus production and cytopathic changes in a dose-and time-dependent manner. Maximal effects, without non-specific cell cytotoxicity, were reached at doses of 20 mM-and 30 mM-NH4C1 and 50 gM-to 200 gM-chloroquine. At a dose of 20 mM-NH4C1, the inhibitory effect on virus replication was observed at a multiplicity of infection lower than 0.2 (105 p.f.u./5 x 10 s cells). At a dose of 50 gM-chloroquine, inhibition of virus replication was observed at a m.o.i, equal to or lower than 2. Similar results were observed with L cells incubated with various amounts of 0022-1317/84/0000-5790 $02.00 © 1984 SGM ( (Table 1 a) . It was noteworthy, however, that none of the NH4C1 concentrations used had any effect on the cellular association of radiolabelled MHV3 (Table 1 a) . Inhibition of MHV3 replication by NH4C1 or by chloroquine was completely eliminated, however, when cells were treated with the drugs 3 or 6 h after infection, respectively (Table 1 b 
These results suggest that L cell infection by MHV3 is dependent upon internalization of virus into cellular lysosomes, as NH4C1 reduces virus-induced cytopathic effects and replication. However, since virus association with cells was not significantly affected by NH4C1, this indicates that NH4C1 interferes at a step later than binding and/or entry of the virus into the cells. Moreover, since the multiplication of MHV3 was not impaired by 30 mM-NH4C1 added 3 h post-infection (Table 1 a) or by 50 I.tM-chloroquine added 6 h post-infection, this indicates that lysosomotropic agents can inhibit virus replication only before the release of viral genome from lysosomes but not after.
When the mechanism of virus entry into cells proceeds from membrane fusion, the occurrence of virus-associated antigens on membranes of newly infected cells makes them susceptible to the lytic effects of the action of antiviral antibody and complement (Fan & Sefton, 1978) . Conversely, a mechanism of virus entry by internalization does not lead to membrane antigen modification or, therefore, to immune cell lysis in vitro (Fan & Sefton, 1978) . In order to discriminate between these two possibilities, a cytotoxicity test using L cells, previously labelled with SlCr, then infected with MHV3, was carried out.
Controls and MHV3-infected cells were incubated at 37 °C, 5 h post-infection, with anti-MHV3 serum diluted 1:10 (complement fixation titre 1:1024) for 30 min at 37 °C and with 5 units of guinea-pig complement at 37 °C for 45 min. Specific s 1 Cr release by cells infected with virus multiplicities ranging from 0 to 10 never exceeded 2.0~ + 0-4~, either after treatment of cells with anti-MHV3 serum and complement, or with mouse anti-MHV3 serum plus complement followed by a subsequent incubation for 30 rain at 37 °C with rabbit anti-mouse Ig diluted 1 : 20. Control experiments performed simultaneously with Sendai virus and anti-Sendai virus serum displayed a significant increase 5 h post-infection, of specific s~ Cr release (14-0~ _+ 0.8~, P < 0.01) when cells infected at 5 p.f.u./cell were compared to uninfected cells. These results strongly suggest that MHV 3 infection of L cells did not induce, 5 h post-infection, membrane antigen modifications, since no immune cell-mediated lysis was observed after antibody treatment. They support, therefore, the hypothesis of an endocytic entry route for MHV3. Such an hypothesis was strengthened by an experiment performed according to the method of Matlin et al. (1982) . Confluent L cells in two trays were cooled and MHV3 was allowed to bind at three different concentrations of virus (10, 50 and 250 p.f.u./5 x 105 cells) in the presence of 30 mM-NH4C1. As shown in Table 2 , virus that entered cells during the 20 min warming period produced a high level of infection when ammonium chloride was absent. The infection was blocked when ammonium chloride was present throughout the experiment. Samples that were not warmed before neuraminidase treatment showed a reduced level of virus infection which could also be reduced by ammonium chloride. This experiment shows, therefore, that viruses which entered cells during a brief warming period are capable of infecting the cells and that the entry pathway traversed an intracellular compartment which is sensitive to NH4C1. These data strongly suggest, therefore, that MHV3 infection of L cells is initiated by endocytosis of virus and that the infectious pathway probably involves the lysosome. Inhibition of MHV 3 replication by NH4C1 and chloroquine, as well as the absence of immune lysis of newly infected cells, suggest that the mechanism of MHV3 entry into cells proceeds by adsorptive endocytosis and internalization of whole particles into lysosomes. We have previously shown (Krzystyniak & Dupuy, 1981) that 3 H-labelled MHV3 was taken up similarly by peritoneal macrophages, spleen cells, purified T cells or thymocytes and was not prevented by a prior immunization of animals against MHV 3. Moreover, the uptake of virus by macrophages was not related to the phagocytic properties of the cells. Since it was shown for several viruses that adsorptive endocytosis was not limited to phagocytic cells and could take place in all animal cells (Palade, 1956) , our data suggest that such a mechanism is likely to occur for the uptake of MHV3.
Penetration at an intracellular site was demonstrated for several viruses, such as Semliki Forest virus (Helenius et al., 1980) , fowl plague virus (Matlin et al., 1981) , and vesicular stomatitis virus (VSV) (Fan & Sefton, 1978 ; Talbot & Vance, 1980 Matlin et al., 1982) and Sindbis virus (Talbot & Vance, 1980 . Recently, Talbot & Vance (1982) suggested that NH4C1 appeared to act by blocking a step between binding of Sindbis virus on receptors of the plasma membrane and penetration into lysosomes rather than inhibiting the fusion of the virus envelope and lysosomal membranes. Alternatively, NH4CI may have prevented the delivery of viruses contained in small endocytic vesicles to larger vesicles and lysosomes. These data, however, still confirm the entry of virus by endocytosis and the transport into lysosomes (Talbot & Vance, 1982) . * Cell cultures were cooled to 0 °C and MHV 3 was allowed to bind for 30 min at three different virus doses (10, 50 and 250 p.f.u./5 x 105 cells) in the absence (control) or presence of 30 mM-NH,C1. Tray A was warmed to 37 °C for 20 rain, while tray B was left in the cold. Both trays were then treated with 5 mg/ml neuraminidase (Matlin et aL, 1982) at 0 °C, for 60 min, washed three times at 0 °C and incubated for 24 h at 37 °C. Virus titre was determined in supernatants 24 h post-infection and expressed as a percentage of positive control (warmed, no NH4C1) and in parentheses, as the log~o p.f.u./ml.
Short communication
The inhibitory activity of chloroquine is thought to be related to its ability to accumulate in cell lysosomes and in prelysosomal endocytic vesicles, altering the pH of these subcellular organelles (Ohkuma & Poole, 1978 
